Background There is considerable debate regarding the ideal agent for venous thromboembolism (VTE) prophylaxis after TKA. Numerous studies and meta-analyses have yet to provide a clear answer and often omit one or more of the commonly used agents such as aspirin, warfarin, enoxaparin, and factor Xa inhibitors. Questions/Purposes Using a large database analysis, we asked: (1) What are the differences in VTE incidence in primary TKA after administration of aspirin, warfarin, enoxaparin, or factor Xa inhibitors? (2) What are the differences in bleeding risk among these four agents? (3) How has use of these agents changed with time?
Methods
We queried a combined Humana and Medicare database between 2007 and Quarter 1 of 2016, and identified all primary TKAs performed using ICD-9 and Current Procedural Terminology codes. All patients who had any form of antiplatelet or anticoagulation prescribed within 1 year before TKA were excluded from our study cohort. We then identified patients who had either aspirin, warfarin, enoxaparin, or factor Xa inhibitors prescribed within 2 weeks of primary TKA. Each cohort was matched by age and sex. Elixhauser comorbidities and Charlson Comorbidity Index for each group were calculated. We identified 1016 patients with aspirin, and age-and sexmatched 6096 patients with enoxaparin, 6096 patients with warfarin, and 5080 patients with factor Xa inhibitors. Using ICD-9 codes, with the understanding that patients at greater risk may have had more-attentive surveillance, the incidence of postoperative deep venous thrombosis (DVT), pulmonary embolism (PE), bleeding-related complications (bleeding requiring surgical intervention, hemorrhage, hematoma, hemarthrosis), postoperative anemia, and transfusion were identified at 2 weeks, 30 days, 6 weeks, and 90 days postoperatively. A four-way chi-squared test was used to determine statistical significance. Utilization was calculated using compound annual growth rate. Results There was a difference in the incidence of DVT at 90 days (p \ 0.01). Factor Xa inhibitors (2.9%) had the lowest incidence of DVT followed by aspirin (3.0%) and enoxaparin (3.5%), and warfarin (4.8%). There was a difference in the incidence of PE at 90 days (p\0.01). Factor Xa inhibitors (0.9%) had the lowest incidence of PE followed by enoxaparin (1.1%), aspirin (1.2%), and warfarin (1.6%). There was a difference in the incidence of postoperative anemia at 90 days (p \ 0.01). Aspirin (19%) had the lowest incidence of postoperative anemia followed by warfarin (22%), enoxaparin (23%), and factor Xa inhibitors Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research 1 editors and board members are on file with the publication and can be viewed on request. Clinical Orthopaedics and Related Research 1 neither advocates nor endorses the use of any treatment, drug, or device. Readers are encouraged to always seek additional information, including FDAapproval status, of any drug or device prior to clinical use. Each author certifies that his or her institution has approved the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research.
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(23%). There was a difference in the incidence of a blood transfusion at 90 days (p \ 0.01). Aspirin (7%) had the lowest incidence of a blood transfusion followed by factor Xa inhibitors (9%), warfarin (12%), and enoxaparin (13%). There were no differences in bleeding-related complications (p = 0.81) between the groups. Aspirin use increased at a compound annual growth rate of 30%, enoxaparin at 3%, and factor Xa inhibitors at 43%, while warfarin use decreased at a compound annual growth rate of -3%. Conclusions Factor Xa inhibitors had the highest growth in utilization during our study period, followed by aspirin, when compared with enoxaparin and warfarin. When selected for the right patient, factor Xa inhibitors provided improved VTE prophylaxis compared with enoxaparin and warfarin, with a lower rate of blood transfusion. Aspirin provided comparable VTE prophylaxis compared with factor Xa inhibitors with improved VTE prophylaxis compared with enoxaparin and warfarin with the lowest risk of bleeding. Level of Evidence Level III, therapeutic study.
Introduction
Venous thromboembolic events (VTEs), including deep venous thrombosis (DVT) and pulmonary embolism (PE), are well-known and well-studied complications after TKA. While VTE incidence has decreased with time, in part owing to routine chemical and mechanical prophylaxis, VTE still remains a challenge and potential major risk during the perioperative period [13, 17] .
There is considerable debate regarding the preferred thromboprophylactic agent during primary TKA, much of which stems from limitations in studies [4, 25, 36] . For example, while the American Academy of Orthopaedic Surgeons [2] and the American College of Chest Physicians [13] recommend the use of thromboprophylaxis during the perioperative period, despite analysis of many studies, there currently is no consensus regarding the preferred therapeutic agent, especially when considering the balance between VTE prevention and potential bleeding complications [14, 26, 36] . Novel anticoagulants such as factor Xa inhibitors have further confused the discussion regarding the preferred treatment after primary TKA [28, 32] .
Although all show efficacy after primary TKA, each agent often is compared in isolation with one or another making generalization difficult or leaving one comparison out and creating confusion [10, 15, 16, 31] . As VTE is an uncommon event, it is difficult to acquire sufficient statistical power to discern differences between agents, and as a result the myriad of meta-analyses comparing outcomes continue to reinforce the inadequacy of the retrospective and prospective studies in the area of thromboprophylaxis [3, 5, 15, 40] . Numerous studies are further limited by high variability of study protocols, patient volume, outcome measures, and clinical practice [7, 16, 22, 24, 41] . No study to date, to our knowledge, has directly compared aspirin, enoxaparin, warfarin, and factor Xa inhibitors for thromboprophylaxis after TKA because they lacked the power to perform such a comparison.
Given the above, we used a large national database to answer the following questions in patients undergoing primary TKA: (1) Are there differences in VTE incidence between clinical use of aspirin, enoxaparin, warfarin, and factor Xa inhibitors? (2) Between these four agents, what are the differences in bleeding risks, collectively defined as postoperative anemia, transfusion rate, or bleeding-related complications (bleeding requiring surgical intervention, hemorrhage, hematoma, hemarthrosis)? (3) How has use of these four agents changed during the 2007 to 2015 study period?
Methods
The study used completely deidentified data and was exempt from institutional review board approval. We queried a combined Humana and Medicare database containing records for more than 16 The PearlDiver software allows for capture of patients' drug prescription billings on the date the prescription is filled. The database query language allows for identification of patients who have prescriptions filled in a userspecified amount of time before or after a procedural code, in this case TKA. Using this, we first identified all possible anticoagulant and antiplatelet agents found in the database: enoxaparin, warfarin, heparin, factor Xa inhibitors (apixaban, rivaroxaban, fondaparinux), aspirin, dabigatran, clopidogrel, prasugrel, ticagrelor, ticlopidine, cilostazol, dipyridamole, and persantine. We then excluded any patient from our study group who had a prescription for the above medications filled within 1 year before their TKA. Next, we identified our four study groups of interest by searching for patients who had the following thromboprophylactic agents prescribed either during the admission for TKA or within 14 days of discharge: aspirin, enoxaparin, warfarin, and factor Xa inhibitors. The factor Xa inhibitors (apixaban, rivaroxaban, fondaparinux) were grouped in a single cohort.
Only patients who had one TKA during the study period were included to allow for accurate tracking of prescriptions and complications, as database software is limited in tracking two starting times. Using a stepwise matching algorithm, we matched all four of our study cohorts by age and sex. The matching process used in this study selects a random sample from an initial larger group of patients, for example, all patients who had warfarin prescribed after TKA, to fit the desired age and sex proportions that match those of the smallest study cohort.
To answer the question of VTE risk, defined in this study as DVT and PE, incidences were queried with the respective ICD-9 diagnosis codes at 2 weeks, 30 days, 6 weeks, and 90 days. The ''first instance'' command in the language was used when searching these complications, allowing us to identify only the first time any VTE code appeared in a patient's record to prevent any preexisting VTE or bleeding diagnoses from confounding the postoperative outcomes.
To answer the question of bleeding risk, the following three outcomes were searched: postoperative anemia, bleeding-related complications, and transfusion rate. Anemia was defined as the specific diagnosis of acute posthemorrhagic anemia or acute postoperative anemia as identifiable by ICD-9 codes. Other sources of anemia were not included. Bleeding-related complications included hemorrhage, hematoma, hemarthrosis, or bleeding requiring surgical intervention [20] . Transfusion was defined as all autologous and allogeneic blood transfusions. Using the ''first instance'' command, the incidences were queried at the same times as VTE.
To answer the question how prescribing patterns of these agents have changed, the use of each agent was broken down by year. Comparison of yearly increase in utilization rates was made by calculating the compound annual growth rate for each agent.
The list of codes used in this study is available in an online appendix (Appendix 1. Supplemental material is available with the online version of CORR 1 ). Comorbidities were compared using a standardized list of Elixhauser comorbidities and the Charlson Comorbidity Index [12, 19] .
We identified a total of 1016 patients who had aspirin thromboprophylaxis alone, and were able to match 6096 patients with enoxaparin, 6096 patients with warfarin, and 5080 patients with all factor Xa inhibitors combined by age and sex for a total study size of 18,288 patients (Table 1) . With the use of the matching system, there were no differences in age and sex proportions in our study population. The median Charlson Comorbidity Indices, a measure of 10-year survival, were identical for the aspirin (1; range, 0-25), enoxaparin (1; range, 0-50), and warfarin (1; range, 0-48) groups, but slightly elevated for the factor Xa inhibitor group (2; range, 0-60). We evaluated the Elixhauser comorbidity profile for each group (Table 2) . Between the aspirin, enoxaparin, and warfarin groups there were differences in individual comorbidities despite equivalence in the Charlson Comorbidity Index. Between the four groups there were differences in 21 of 31 studied comorbidities, with no differences in five of 31. Five of the comorbidities could not be compared owing to insufficient numbers.
To maintain Health Insurance Portability and Accountability Act (HIPAA) compliance and ensure patient confidentiality, all queries that returned a value between one and 10 patients were given a ''null'' output. In these instances, the incidence of the complication was determined as less than or equal to the maximum possible value (10 per cohort size). Incidence was calculated for all times. We compared all four groups simultaneously via a four-way chisquared test. Significance was set at an alpha less than 0.05. At the current incidence of events on chemical prophylaxis after TKA, we were powered greater than 80% to detect a 1.7% increase in the incidence of DVT, 1.0% increase in the incidence of PE, 1.2% increase in the incidence of bleedingrelated complications, 3.5% increase in the incidence of anemia, and 2.4% increase in the incidence of transfusion.
Results
Factor Xa inhibitors had the lowest incidence of DVT and PE at 90 days. There was a difference in the incidence of DVT at all times (p \ 0.01) ( Table 3) . At 2 weeks, aspirin (1.8%) had the lowest incidence of DVT followed by factor Xa inhibitors (2.0%), enoxaparin (2.1%), and warfarin (3.3%). By 30 days, aspirin (2.2%) still had the lowest incidence of DVT followed by factor Xa inhibitors (2.4%), enoxaparin (2.7%), and warfarin (4.2%). By 6 weeks, aspirin (2.5%) and factor Xa inhibitors (2.5%) shared the lowest incidence of DVT followed by enoxaparin (3.1%) and warfarin (4.4%). By 90 days, the factor Xa inhibitors (2.9%) had the lowest incidence of DVT followed by aspirin (3.0%), enoxaparin (3.5%), and warfarin (4.8%).
Given the HIPAA limitations of the database, we could not accurately find the incidence of PE for aspirin until 90 days (Table 3 ). There was a difference in the incidence of PE at 90 days (p \ 0.01). Factor Xa inhibitors (0.9%) had the lowest incidence of PE followed by enoxaparin (1.1%), aspirin (1.2%), and warfarin (1.6%). At 90 days, aspirin had the lowest incidence of postoperative anemia and transfusion but no differences in bleeding-related complications compared with the other agents. There was a difference in the incidence of postoperative anemia among the agents at all intervals (p\ 0.01) ( Table 4 ). The incidence of postoperative anemia remained the same from 2 weeks until 90 days postoperatively for aspirin (7%) and factor Xa inhibitors (23%). There were slight increases from 2 weeks to 90 days for warfarin (21% to 22%) and enoxaparin (22% to 23%). There was a difference in the incidence of a blood N/A = not available; to maintain Health Insurance Portability and Accountability Act compliance, all queries that return a value between one and 10 patients has a ''null'' output. In these instances, the incidence of the complication was determined as less than or equal to the maximum possible value (10 per cohort size) N/A = not available; to maintain Health Insurance Portability and Accountability Act compliance, all queries that return a value between one and 10 patients has a ''null'' output. In these instances, the incidence of the complication was determined as less than or equal to the maximum possible value (10 per cohort size)
Volume 475, Number 9, September 2017 Aspirin, Warfarin, Enoxaparin, or Xa Inhibitors After TKA? 2209 transfusion at all times (p \ 0.01) ( Table 4) . By 90 days, aspirin (7%) had the lowest incidence of a blood transfusion followed by factor Xa inhibitors (9%), warfarin (12%), and enoxaparin (13%). Given the HIPAA limitations of the database, we could not accurately find the incidence of bleeding-related complications (bleeding requiring surgical intervention, hemorrhage, hematoma, hemarthrosis) for aspirin until 90 days (Table 4) . There was no difference in the incidence of bleeding-related complications at 90 days (p = 0.81) for aspirin (1.2%), factor Xa inhibitors (1.4%), enoxaparin (1.5%), or warfarin (1.5%). Factor Xa inhibitors had the highest rate of growth in utilization during our study period from 2007 to Quarter 4 of 2015. Factor Xa inhibitors had a compound annual growth rate of 43% followed by aspirin at 30% (Table 5) . Enoxaparin utilization increased until 2011 when it peaked. The overall compound annual growth rate for enoxaparin was 3%. Warfarin utilization has steady decrease with a compound annual growth rate of -3%.
Discussion
VTE remains a major potential complication after TKA, and its incidence has decreased in part owing to routine mechanical and chemical prophylaxis. There has been substantial debate regarding the preferred chemical prophylactic agent among aspirin, enoxaparin, warfarin, and factor Xa inhibitors when weighing VTE prophylaxis efficacy versus bleeding risk [4, 25, 36] . We sought to directly compare these four agents to examine VTE incidence, bleeding risk, and utilization patterns. When selected for the right patient, factor Xa inhibitors provided improved VTE prophylaxis compared with enoxaparin and warfarin, with a lower rate of blood transfusion. Aspirin provided comparable VTE prophylaxis compared with factor Xa inhibitors and improved VTE prophylaxis compared with enoxaparin and warfarin with the lowest risk of bleeding. Factor Xa inhibitors had the highest growth in utilization during our study period, followed by aspirin, when compared with enoxaparin and warfarin.
The first set of limitations of our study include those seen in other large database studies, as we do not have patient-specific identifiers, clinical observation, and assurance of accurately reported complications as found in randomized controlled trials or chart review studies. There is mixed evidence regarding the accuracy and validity of administrative claims [8, 11] . This is particularly limiting in studying bleeding-related complications, as we used a collection of ICD-9 codes for hemorrhage, hematoma, hemarthrosis, and bleeding requiring surgical intervention, although bleeding secondary to anticoagulation may be reported in other ways we cannot capture (for example, increased bruising or venipuncture site bleeding), or not reported for billing purposes. Such bleeding outcomes would be better studied in randomized controlled trials, and as such, future study of these four agents in direct comparison is warranted. We also were unable to determine the dose and frequency of the agents we studied, which are important factors in determining their efficacy. In addition, we likely missed a large proportion of patients using aspirin for two reasons: (1) many who are prescribed aspirin may not need prescription billing because aspirin can be purchased over the counter, and (2) owing to our initial exclusion of all patients prescribed aspirin within 1 year before TKA to prevent confounding. Although we knew we would lose a portion of the cohort for only aspirin, this approach allowed us to specifically identify the cohort of patients who did have an aspirin prescription filled to ensure that was the sole prophylactic agent used after TKA. We were sufficiently powered to detect differences in DVT, PE, transfusion rate, postoperative anemia, and bleeding-related complications at 90 days, but did not have sufficient power to detect differences in PE and bleeding-related complications before 90 days.
Another set of limitations involves the creation of our study groups and change in practice patterns with time. Although we matched our patient cohorts by age and sex, there were still some differences in comorbidity profiles among the four groups, namely that of patients prescribed factor Xa being more medically complex and the only group with a median Charlson Comorbidity Index score of 2. In addition, the matching process uses a random sample from a larger group to select similar age and sex proportions. There may be differences in the larger cohort from which the sample was drawn in part because of prescribing patterns and baseline comorbidities (for example, warfarin being prescribed more frequently in older patients) and may not be perfectly representative of the general population. Another important limitation is that we were not able to control for all risk factors specific to VTE, which may have influenced selection of an anticoagulant. For example, patients who were at higher risk for VTE may have been appropriately prescribed enoxaparin, and the favorable aspirin outcomes may be attributable to patient selection. Moreover, as we excluded all preexisting codes for VTE, we likely missed the cohort of patients who were at the highest risk before baseline. Another important consideration is decreased transfusion rates with time in arthroplasty and increased adaptation of agents such as tranexamic acid, which have concurrently occurred as aspirin and factor Xa inhibitors are used more, and which may confound the results of the transfusion rate [6] . However, other studies have found low transfusion rates with aspirin as well [33, 34] , thus we believe practice change is not the only explanation. Finally, it is reasonable to posit that certain patients, such as those receiving warfarin who may require international normalized ratio monitoring, may have had more attentive surveillance during the postoperative period, elevating the reported VTE and bleeding outcomes. Despite this, we identified lower VTE incidence with comparable bleeding risk with factor Xa inhibitors in the patients who were most medically complex. Our findings regarding VTE prophylaxis do not have a direct correlate in the literature as other studies omit one or more of the two agents, but studies comparing multiple agents do help put our findings into context [3, 7, 21, 22, 24, 38, 40, 41] . Aspirin has been found to have a low VTE rate, with no difference when compared with enoxaparin in a couple meta-analyses [3, 40] . These findings are similar to those in our study, although we found DVT incidence for aspirin to be lower than that of enoxaparin, which may be attributable in part to patient selection, as discussed above in the limitations. In comparison to warfarin, one retrospective review [21] of a large cohort of patients found aspirin to be as effective for VTE prophylaxis across patients with varying levels of risk, whereas another prospective study found aspirin to be inferior [22] . We found aspirin to have a stronger VTE prophylaxis profile, which may be attributable in part to its time-related correlation with early mobilization, healthier patients, and medication compliance. Data comparing aspirin and factor Xa inhibitors show mixed results, with randomized controlled trials showing no difference or an advantage to factor Xa inhibitors (rivaroxaban) for VTE prophylaxis [24, 41] . Similarly, we found that factor Xa inhibitors also had a lower VTE incidence than aspirin. Factor Xa inhibitors have been found to be more effective in preventing VTE compared with enoxaparin, as found in a recent meta-analysis of randomized controlled trials [38] . These findings correlate well with ours, as factor Xa inhibitors had a lower incidence of DVT and PE across all times. This effect may be attributable in part to the mechanism of action, but also ease of administration and compliance in comparison to enoxaparin [9, 39] . Data directly comparing factor Xa inhibitors with warfarin after TKA are limited, with a single randomized clinical trial finding no differences between the groups [7] . This contrasts with our study, in which factor Xa inhibitors showed better VTE prophylaxis when compared with warfarin. Possible explanations for this discrepancy include agent mechanism, compliance, and ease of monitoring. Given the above, our study does align with studies examining agents directly (through randomized clinical trials) or indirectly (through meta-analysis). Our study, however, provides a direct comparison of all four agents with the same methodology and as such we believe it contributes to the increasing knowledge of this important topic.
Bleeding risk often is cited as a disadvantage to the use of factor Xa inhibitors when compared with enoxaparin [1, 18, 31] . With the definitions and queries in our study, we found no difference in bleeding-related complications and a decreased transfusion rate compared with traditional anticoagulants. This possibly is explained by our grouping of factor Xa inhibitors. Two meta-analyses of high-quality trials showed an overall increased risk of bleeding with factor Xa inhibitors compared with enoxaparin, contrasting our study, however the factor Xa inhibitor used or the dose of the agent was found to play a role [30, 38] . In these studies, rivaroxaban was found to have an increased bleeding risk compared with enoxaparin, whereas apixaban had no difference in bleeding risk or even an improved profile. Low-dose factor Xa inhibitors also were found to have a lower bleeding risk. As we combined groups in our study, it is possible that the lack of increased bleeding may be attributable to the masking of higher-risk factor Xa inhibitors or selection of lower-risk, lower-dose factor Xa inhibitors. This warrants further investigation. Aspirin had the lowest bleeding risk overall in our study and parallels that seen in other studies when compared with factor Xa inhibitors [24, 41] . Studies on aspirin versus enoxaparin are mixed, with aspirin having a lower or equivalent rate of bleeding complications compared with enoxaparin [23, 40] . Although our study showed lower postoperative anemia and transfusion rates for aspirin when compared with warfarin, studies remains mixed regarding bleeding outcomes [21, 40] .
Utilization trends for these agents are not well-studied. In one single-institution study, the rates of prescribing aspirin as the VTE agent increased after the convergence of the American Academy of Orthopaedic Surgeons and the American College of Chest Physicians guidelines, while all other agents including factor Xa inhibitors decreased [35] . In our study, the increase in factor Xa inhibitor use likely followed the results of the RECORD3 and RECORD4 trials. These trials showed superiority of factor Xa inhibitors compared with the previously highly used enoxaparin [27, 37] . Further study is warranted on utilization trends, but we believe our results provide a new contribution as it captures prescribing trends during a time of changing practice guidelines.
Choice of thromboprophylaxis after primary TKA remains an important issue. Our study showed that aspirin is an effective thromboprophylactic agent with a favorable complication profile. Factor Xa inhibitors, even when used in patients who are more medically complex, also showed a low incidence of VTE. Enoxaparin, while showing a higher rate of bleeding complications, may still benefit patients who are appropriately selected. We believe our study is a springboard for two further questions: (1) How do we best decide which patients are appropriate for which class of VTE agents based on risk factors? (2) Of the factor Xa inhibitors, how do we decide between the lower bleedingrisk variants, such as apixaban, and aspirin? The Comparative Effectiveness of Pulmonary Embolism Prevention after Hip and Knee Replacement (PEPPER) trial, which has started to enroll patients, may help clarify this confusing topic [29] .
